ABSTRACT. We evaluated the effect of tethering 2 species of juvenile fishes on their behaviour and susceptibility to predation under laboratory conditions in order to determine whether these fishes can be effectively used in field studies designed to assess predation rates. More specifically, this laboratory study investigated: (1) the effect of tethering, which required puncturing the body, on 2 mobile fish prey: the winter flounder Pseudopleuronectes arnericanus (42 to 85 mm total length, TL), and the tautog Tautoga onitis (47 to 91 mm TL); and (2) whether the predators, the summer flounder Paralichthys dentatus and the blue crab Callinectes sapidus, preferentially preyed upon tethered individuals. The behaviour of tethered individuals varied between species. Tethered P. americanus buried more extensively (i.e. greater percentage of body covered by sand) than untethered individuals. Therefore, tethering this species may reduce predation by visual predators because individuals are less visible. Tethered T. onitis were more likely than untethered individuals to occupy open areas of the experimental pool rather than to be found near shelter. In this case, tethering may increase potential predatory attacks because tethered fish are more accessible. Despite differences in behaviour caused by tethering P. americanus, there was no significant difference between the rates of predation by P. dentatus on tethered versus untethered individuals. However, as predicted by the change in T. onitis behaviour, P. dentatus preyed more frequently on tethered individuals than untethered ones. C. sapidus, a predator that uses olfactory cues, preferentially selected tethered P. americanus. The preference for tethered individuals may depend in part upon the release of prey body fluids and subsequent detection by predators that use olfactory cues. Furthermore, tethered individuals may change their shelter-seeking behaviour, and thusconfoundpotential habitat-specificdifferencesin relative predation rates. As a result, tethering as a tool to determine predation rates should be used cautiously for fishes. At a minimum, laboratory observations to detect tethering artifacts should be conducted before field experiments.
INTRODUCTION
Tethering has been used on a wide variety of organisms, mainly invertebrates, in order to evaluate predation rates (Heck & Thoman 1981 , Heck & Wilson 1987 , Aronson 1989 , Barshaw & Able 1990 , Wilson et al. 1990 , Witman & Sebens 1992 , Barbeau & Scheibling 1994 . Often such studies address relative predation rates between habitats, but this can be confounded by having different numbers of predators at different sites (Witman & Sebens 1992) or even different predator species. Recently, as part of a larger inquiry into artifacts associated with experimental manipulations, Peterson & Black (1994) questioned the interpretation of tethering data. Although their comments have been challenged (Aronson & Heck 1995) , the concerns of Peterson & Black (1994) regarding the artifacts of tethering might be particularly appropriate for fishes, which are harder to tether because of their greater mobility and lack of an exoskeleton for tether attachment. To date, we know little about these artifacts 0 Inter-Research 1998 Resale of full article not permitted because of the small number of papers published on only a few species. Furthermore, 3 of the 4 papers included results from a hardy species, the killifish Fundulus heteroclitus, and none of them addressed the potential artifacts caused by tethering when considering habitat-specific predation rates (Table 1) . Some artifacts, which may not be consistent across species or habitats, include: (1) providing usually unimportant predators a chance to consume restrained prey; and (2) altering prey behaviour as a result of tangling in highly structured habitat, struggling, or creating unnatural shelter-seeking behaviour.
The purpose of the present study is to evaluate the effect of tethering on the behaviour of 2 fish prey species to determine their susceptibility to predation in the laboratory. Our ultimate goal is to assess whether these species, and other fishes, can be used effectively in field tethering studies. We selected fish with 2 very different predator-avoidance strategies. One, the winter flounder Pseudopleuronectes arnericanus, is a flatfish that buries in the substrate. The other, the tautog Tautoga onitis, seeks shelter to avoid predation. Experiments were conducted to determine susceptibility of these species to a visual predator, the summer flounder Paralichthys dentatus (Olla et al. 1972) , and a predator that uses olfactory cues, the blue crab Callinectes sapidus (Zirnmer-Faust 1989 , Weissburg & ZirnmerFaust 1994 .
MATERIALS AND METHODS

All experimental animals were collected from Great
Bay -Little Egg Harbor Estuary, an unpolluted area in southern New Jersey, USA (Psuty et al. 1993 , Able et al. 1996 . Callinectes sapidus were collected with traps, and fish were collected with seines, beam trawls, or traps. Some Paralichthys dentatus were collected using hook and line, but were observed in the laboratory to confirm that they fed normally. A l l predators and prey were maintained under ambient temperature, salinity, and photopenod conditions in flowthrough seawater tanks prior to experiments. The predators (P, dentatus and C. sapidus) were maintained on a diet of chopped frozen fish and Live killifishes (Fundulus heteroclitus and Cyprinodon variegatus). The prey species were fed brine shrimp and chopped, frozen fish.
For each trial, individuals were placed in plastic pools (1 m diameter; 20 cm height) that were filled with 0.9 cm of sand (mean percent silt/clay of 0.71) and a static water depth of 10 cm. All 10 pools were outdoors in a shaded area and thus exposed to natural photoperiod. The salinity remained near 32%0 throughout the experiments. Between trials, the pools were flushed with fresh seawater. All experiments were conducted between July and September 1994, when water temperatures were generally above 20°C. For the trials using Paralichthys dentatus as the predator, the temperature ranged from 8 to 26°C (see Table 3 ). The experiments using Cahnectes sapidus as the predator were conducted between June and August 1995, at temperatures ranging from 15 to 20°C.
Prey behaviour. The effect of tethering on the burying behaviour of juvenile Pseudopleuronectes americanus (n = 60) was determined in six 24 h trials ( Table 2) . These fish (42 to 85 mm TL) were young-ofthe-year individuals, based on Witting (1995) . Fish were tethered through the dorsal musculature directly below the anterior portion of the dorsal fin. This area was chosen because it allowed for unrestricted movement of all fins. A hollow-bore needle (21 gauge) was pushed through the body, and monofilament line (4 kg test) was threaded through the needle, and then the needle was removed. One end of the tether line was melted into a thick knot that prevented it from passing through the fish, and the other end of the 0.5 m length tor (Olla et al. 1972) , is plscivorous (Burke 1995), and is line was attached to a weight that was placed in the known to feed on Pseudopleuronectes americanus center of the pool. This arrangement enabled the fish (Poole 1964 , Festa 1979 . We thought it an appropriate to move around the entire pool. For each of the trials, 5 species for the experimental pools because it is often individuals were raildomly selected to be untethered found in confined areas such as intertidal creeks and 5 were tethered; all fish were randomly assigned (Szedlmayer & Able 1992 ) and on the vegetated marsh to 1 of the 10 pools. Fish were observed every 3 h and surface (Hettler 1989) . Before conducting the tethering evaluated for the percent body covered by sediment experments, an initial study was performed to deter-(i.e. 0, 25, 50, 75, or 100% covered). The observation mine the appropriate size range of P, amencanus that times coincided with distinct penods of the tidal cycle could be ingested by P. dentatus (96 to 450 m m TL).
(i.e. high tide, 3 h after high tide, low tide, and 3 h after These predators ate P. americanus that were up to 48 % low tide) to evaluate the potential effect of residual of their body length, and consistently ate fish 30 to tidal rhythms on burying behaviour. Night observa-40% of their length. Therefore, for the tethering expertions were made using a flashlight covered with a red iments, the mean size of P. americanus was 24 % filter to minimize dsturbance to the fish.
(range 17.9 to 50.9%) of the predator length. The mean
The design for the juvenile Tautoga onitis (n = 60) Tautoga onitis size was 22% of the summer flounder experiment was simllar to that described above, and size (range 17.3 to 31.5 %). individuals were tethered in the same manner for six To test whether Paralichthys dentatus preferentially 24 h trials. These fish (47 to 91 mm TL, Table 2 ) were preyed on tethered or untethered individuals, trials also young-of-the-year individuals (Sogard et al. 1992) .
were conducted using both prey species. For each speTheir shelter-seelung behaviour, which is a typical cies, a pair of 2 slmdarly sized prey were chosen, and 1 response for this species (Olla et al. 1974 , Olla & Samet was randomly selected to be tethered. For Pseudopleu-1977), was assessed to determine the effect of tetherronectes americanus, the average length difference ing. A single oyster shell (ca 12 cm in length) was between individuals within a pair was 1.4%, and for placed in each pool approxin~ately 15 cm from the pool Tautoga onitis, the average difference was 3 %. After edge. For each observation period, T. onitis behaviour the 2 prey individuals were placed in each pool and was characterized as one of the following shelter-seekgiven 10 min to acclimate, 1 predator, which was ing behaviours: resting against or within 1 cm of the starved for 24 h, was introduced and the first eaten side of the pool; resting in or by the oyster shell; or restprey (tethered or untethered) was recorded. During ing in the open sandy area of the pool. The first 2 cateOctober to November 1994, observations were made gories were analyzed separately, and also combined to approximately every 3 h to coincide with precise produce the shelter-seelung behaviour category. In all phases of the tidal cycle. It was determined that the of the cases in which resting occurred, fish were immoperiod between observations was too long, and in 1995 bile except for respiratory movement and minimal observations were made every 1.5 h. A total of 11 trials movement of their pectoral fins. In a few cases the fish were completed using P. amencanus as prey between were swimming and therefore not included in the October and November 1994, and between June and analysis.
July 1995 (Table 2) . Eight trials were completed using Prey susceptibility. Paralichthys dentatus was cho-T. onitis during the same period in 1994, and between sen as one of the predators because it is a visual predaAugust and September 1995 (Table 2 ). All trials were terminated after 48 h regardless of The experiments using C. sapidus were similar to those using ParaLichthvs dentatus e x c e~t that onlv 3 Analysis. Analysis of prey behaviour was performed using the categorical modeling (CATMOD) technique designed by the Statistical Analysis Systems (SAS Institute 1988) . This procedure was appropriate because repeated measurements were taken for each individual. The technique enabled us to determine whether burial (the discrete response variable) was independent of time of day, tidal stage, or tethering. The Tautoga onitis data were analyzed similarly to determine whether the response variable, i.e. the percentage of the number of observations for which individuals sought shelter (side of pool and/or shell), was independent of the time of day, tidal stage, or tethering. For the predation study, the CATMOD procedure determined whether fish consumption (the discrete response variable) was independent of temperature or treatment type (tethered or untethered). For both studies, a variable was considered significant if p < 0.05.
RESULTS
Prey behaviour
Tethering affected the behaviour of both prey. Burying behaviour differed between tethered and untethered Pseudopleuronectes americanus; tethered individuals had significantly more of their body covered by sand (Fig. 1) . Time of day and tidal stage also influenced burying behaviour (Fig. 1) . Both tethered and untethered animals were more exposed at night, and they were also more exposed 3 h after high tide. There was also a significant interaction between tide and time of day. For the CATMOD procedure, a nonsignificant residual (p = 0.86) indicated that the model, which consisted of the variables time of day, tidal stage, treatment, and the described interaction, fits the data. Other behaviour, such as swimming was noted only once in the 270 observations, and that was for an untethered animal; struggling by tethered fish was not observed.
For Tautoga onitis, tethering significantly decreased shelter-seeking behaviour (Fig. 2) 
Prey susceptibility
With Paralichthys dentatus as the predator, there was no statistically significant difference between the number of tethered and untethered Pseudopleuronectes americanus preyed upon (Table 3) . For the CATMOD procedure a nonsignificant residual (p = 0.13) indicated that the model, which contained treatment type as a parameter, fits the data. Of the 50 fish preyed upon, 28 were tethered individuals and 22 were untethered. There was, however, a statistically significant difference between the number of tethered and untethered Tautoga onitis preyed upon. Of the 41 fish eaten, 26 were tethered and 15 were untethered ( Table 3) . For this experiment, temperature significantly affected the number of successful predation events, indicating that at colder temperatures P. dentatus were less likely to feed. For the CATMOD procedure a nonsignificant residual (p = 0.44) indicated that the above model, including temperature and treatment, fits the data. For Callinectes sapidus, there was a significant difference between the number of tethered and untethered fish eaten (Table 4 ). There were 2 1 successful predation events; only 1 untethered individual was eaten.
DISCUSSION
Prey behaviour
The behaviour of both prey species changed as a result of tethering. For Pseudopleuronectes amen- (1996) found that increased vegetation cover had a negative effect on predation pressure. However in our study, tethered T. onitis did not use the available shelter as often, therefore comparing 2 habitat types with different amounts of shelter would provide little insight into accurate measures of relative predation risk for this species. In other words, in this case, artifacts caused by tethering may cause differences in habitat complexity to be meaningless, as discussed by Peterson & Black (1994) . Shortening the tether to confine prey to specific microhabitats may overcome this problem but may confound the experiment in other ways because of prey constraint. As we found for these 2 fish species, tethering has also been noted to affect shelter-seeking behaviour in a decapod crustacean. Tethered early benthic phase lobsters Homarus amen'canus burrowed less than untethered lobsters in mud (Barshaw & Able 1990). However, there was no such difference when the substrate was peat or cobble, thus highlighting the importance of habitat-specific characteristics. These findings have an obvious impact on potential predation, because an exposed, small lobster is probably more likely to be eaten.
Our study was unique in that the effect of tethering on the behaviour of fish prey species was assessed in the laboratory before any field experiments were completed and as a result we have some doubts about the efficacy of tethering to assess predation rates in the field, at least for these 2 species. Based on the speciesspecific changes in prey behaviour that occurred, we believe that laboratory experiments are necessary before any experiments under natural conditions are conducted.
Prey susceptibility
Despite the fact that tethering resulted in behavioural changes for both prey species, prey susceptibility was not always affected. Therefore we urge that both prey behaviour and predator feeding strategies be considered. For the visual predator Paralichthys dentatus, there was no difference in their preference for tethered or untethered Pseudop1euronectes amencanus, but there was a preference for tethered Tautoga onitis, which did not use shelter as much as untethered individuals and would therefore be more visible. P. dentatus primarily uses visual cues (Olla et al. 1972) , so the release of body fluids may not be as serious an artifact as it would be for CalJinectes sapidus, which relies primarily on olfaction to detect prey (Zimmer-Faust 1989 , Weissburg & Zimrner-Faust 1994 . Because of the overwhelming preference of C. sapidus for tethered winter flounder, and because of the results of our preliminary field tethering study that showed that tethered fish were eaten by C. sapidus within hours, we believe that tethering may introduce serious artifacts for fishes such as P americanus, which rely on concealment to avoid predation. The only manner in which to avoid this artifact is to tether the prey without piercing the body, which is not possible for most fishes. An additional concern is that the accurate comparison of relative predation rates between habitats may be compromised because of the changes in prey behaviour; fishes such as T. onitis respond differently to shelter when tethered.
Simply put, this experimental approach, as many others, has the potential to introduce significant artifacts (Peterson & Black 1994) . Therefore, care must be taken in its application, especially before applying the results from one species or habitat to another. Although we agree with Aronson & Heck (1995) that tethering might be an appropriate technique to use to obtain information regarding relative predation rates, particularly for invertebrates, we have serious concerns about the validity of tethering in cases where body fluids are leaked into the environment.
